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We present a magnetotransport study of the metamagnetic system Ca1.8Sr0.2RuO4. The meta-
magnetic transition is reached by tuning a van Hove singularity to the Fermi level at a critical
magnetic field Hm. In Ca1.8Sr0.2RuO4, we report across Hm a strong decoupling of inelastic elec-
tron scattering, measured by resistivity, and electronic mass, inferred from density-of-state probes.
As a result, we observe – in contrast to conventional correlated Fermi liquids – a strong variation of
the Kadowaki-Woods ratio. Fermi-liquid and non-Fermi-liquid properties associated with van Hove
singularities are discussed in terms of disorder and dimensionality. We argue that Ca1.8Sr0.2RuO4
belongs to the dirty/disordered two-dimensional limit. Disorder effects play a central role in the
understanding of the (non-) Fermi liquid onset. We therefore propose that in quasi-two-dimensional
systems disorder has a significant impact on the electronic properties associated with van Hove
singularities in the vicinity of the Fermi level.
In two-dimensional systems, saddle points in the elec-
tronic band structure generate a diverging density of
states (DOS), a so-called van Hove singularity (VHS) [1].
A divergent DOS at the Fermi level renders a system
susceptible to instabilities like charge/spin density wave
order or unconventional superconductivity. Gate-tuned
superconductivity in magic angle bilayer graphene has,
for example, been proposed to be connected to VHS
physics [2, 3]. A VHS is also found in high-temperature
cuprate superconductors, and recently it has been as-
sociated with the onset of the mysterious pseudogap
phase [4, 5]. It is debated whether the surrounding
non-Fermi liquid behavior is originating from a quan-
tum criticality or a VHS scenario [6]. In the ruthen-
ates, the VHS governs many interesting electronic prop-
erties. For example, the VHS can be tuned to the Fermi
level by application of a magnetic field [7–10] or uniax-
ial [11], biaxial [12] and chemical pressure [13, 14]. In
Sr3Ru2O7, a magnetic field of 8 T along the c axis trig-
gers a spin density phase around which non-Fermi liquid
transport behavior is observed [7–10]. Similar non-Fermi
liquid behavior is found in (Sr, Ba)2RuO4 upon applica-
tion of pressure or strain [11, 12]. Finally, metamagnetic
transitions in systems such as Sr3Ru2O7, CeRu2Si2 and
Ca1.8Sr0.2RuO4 have been assigned to DOS anomalies
near the Fermi level [15–17].
Despite the expected connection between an ideal VHS
and unconventional electronic properties observed in a
wide range of materials, the effect of disorder and di-
mensionality has received little attention. Quasiparti-
cles in layered materials are neither constrained perfectly
in two dimensions nor are their lifetime infinite. Both
effects, dimensionality and disorder, broaden the DOS
anomaly [18] and hence, potentially change the ideal VHS
physics substantially.
Here, we address electronic transport properties of
a quasi-two-dimensional disordered system for which
the VHS is aligned with the Fermi level by an ex-
ternal magnetic field. Magnetotransport anomalies in
Ca1.8Sr0.2RuO4 are directly linked to the metamagnetic
transition. Although Fermi liquid properties are pre-
served across the metamagnetic transition, the electronic
scattering processes are highly unusual. In particular, we
report a decoupling of the inelastic electron scattering
from the electronic mass. This results in a five-fold vari-
ation of the Kadowaki-Woods ratio – an empirical ratio
linking the quasiparticle lifetime and mass – across the
metamagnetic transition. Our observations are presented
in a broader context of Fermi liquid/non-Fermi liquid
properties across metamagnetic transitions in strongly
correlated electron systems with DOS anomalies. Specif-
ically, the role of dimensionality and disorder in the con-
text of VHS physics is discussed along with possible sce-
narios for the strong variation of the Kadowaki-Woods
ratio.
Single crystals of Ca1.8Sr0.2RuO4 were grown by the
flux-feeding floating-zone technique [19, 20]. Our exper-
imental results were reproduced on several crystals that
were cut and polished into a rectangular shape, with the
largest natural plane being the ab plane. Magnetic fields
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Figure 1. (a) The resistivity ρ of Ca1.8Sr0.2RuO4 as a function of temperature T and magnetic field H. (b) The temperature
dependence of ρ for selected fields. (c) The exponent α in the H-T space with the resistivity of Ca1.8Sr0.2RuO4 fitted to ρ
= ρ0 + CT
α. (d) Magnetoresistance ( ρ(H)−ρ(0 T)
ρ(0 T)
) isotherms for selected temperatures. Shaded area indicates the maximum
around Hm.
µ0H (µ0 being the vacuum permeability) up to 9 T were
applied along the c axis and silver paste electrical con-
tacts were made on the ab plane. Resistivity measure-
ments were performed in a physical property measure-
ment system (PPMS, Quantum Design) with a Helium-3
option.
The temperature dependence of the resistivity ρ mea-
sured on Ca1.8Sr0.2RuO4 at various magnetic fields, is
shown in Figs. 1(a) and 1(b). A region of enhanced
resistivity fans out around the metamagnetic transition
at µ0Hm ∼ 5.5 T (see Supplemental Material [21]) in
the ρ(H,T ) plot [Fig. 1(a)]. Insights into the scattering
mechanisms are commonly gained by analyzing ρ = ρ0
+ CTα with C being a constant. The residual resistivity
ρ0 is temperature independent, but allowed to vary with
field. Figure 1(c) shows the H − T plot of the exponent
α for Ca1.8Sr0.2RuO4 obtained from this procedure. The
low-temperature yellow region demonstrates that Fermi
liquid behavior (α ∼ 2) is found at all fields across Hm.
The Fermi liquid cutoff temperature TFL remains con-
stant below Hm and increases above the transition. Mag-
netoresistance (MR) isotherms, defined by (ρ(H)−ρ(0 T)ρ(0 T) ),
all exhibit a maximum around Hm that broadens with
increasing T [Fig. 1(d)].
Since Fermi liquid behavior is observed at low temper-
ature for all fields, we fix α = 2 and fit with ρ = ρ0 + AT
2
[see Fig. 2(a)], where A is the inelastic electron-electron
scattering coefficient. The resulting ρ0 and A are plotted
versus magnetic field in Figs. 2(c) and 2(d), respectively.
While the field dependence of ρ0 closely tracks the MR
isotherms, A decreases by a factor of three across Hm.
Two key observations are revealed by our magnetotrans-
port experiment: Across the metamagnetic transition,
(1) the Fermi liquid state persists at low temperatures
and (2) the inelastic scattering coefficient A undergoes
a dramatic drop. In addition to the Fermi liquid cutoff
temperature TFL indicated by arrows in Fig. 2(a), we
identify another temperature scale T SM, above which a
strange metal behavior ρ ∼ T is observed for all fields,
as shown in Fig. 2(b).
Although the metamagnetic transition has been well
established in Ca1.8Sr0.2RuO4, its impact on magne-
totransport has not been addressed by previous stud-
ies [17, 23, 24]. Our results demonstrate a direct connec-
tion between the metamagnetic transition and transport
properties. As such, Ca1.8Sr0.2RuO4 can now be directly
compared to other metamagnetic systems. As shown in
Table 1, Ca1.8Sr0.2RuO4, CeRu2Si2 and Sr3Ru2O7 all
display a peak in the residual resistivity ρ0 and the Som-
merfeld coefficient γ across the metamagnetic transition.
Both ρ0 and γ are proportional to the DOS at the Fermi
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Figure 2. (a) Resistivity ρ plotted versus T 2 for selected fields. Dashed lines are linear fits to the low-temperature limit.
Arrows indicate the temperature scale TFL above which the resistivity deviates from T
2 behavior. Residual resistivity ρ0 and
coefficient of the T 2 term A are obtained from the intercept and the slope of the linear fits, respectively. (b) Resistivity ρ at
higher temperatures plotted as a function of T for selected fields. The dashed lines are linear fits to the high-temperature end.
Arrows mark the T SM scale below which resistivity deviates from a T -linear dependence. (c,d,e) Magnetic field dependence
of ρ0, A, γ, and the Kadowaki-Woods ratio A/γ
2. The Sommerfeld constant γ is extracted from Ref. [22]. (f,g,h) Schematics
comparing a density of states (DOS) peak profile (black line) with the scattering phase space (SPS, see text for the definition,
represented by shaded area) for increasing temperatures. Both profiles are centred around the Fermi level EF, although the
DOS peak position in a real material is tunable by e.g., magnetic field or pressure. As discussed in the text, the DOS peak
width depends on dimensionality and disorder.
level. Therefore, these compounds share a field-induced
traversal of a DOS peak through the Fermi level. The
DOS peak in Ca1.8Sr0.2RuO4 is likely associated with a
VHS [25–27]. Interestingly, the inelastic electron-electron
scattering process varies dramatically across these com-
pounds. Non-Fermi liquid behavior is reported down to
the lowest measured temperatures in Sr3Ru2O7 at Hm.
As in CeRu2Si2 [16], we report Fermi liquid behavior
across Hm in Ca1.8Sr0.2RuO4. However, in CeRu2Si2 the
scattering coefficient A peaks together with the Sommer-
feld coefficient, whereas in Ca1.8Sr0.2RuO4, A undergoes
a step-like drop across Hm. In the following, we discuss
the Fermi liquid versus non-Fermi liquid aspect before
turning to the unusual behavior of the Kadowaki-Woods
ratio in Ca1.8Sr0.2RuO4.
In strongly correlated electron systems, ρ is generally
dominated by impurity and electron-electron scattering
at low temperatures. States contributing to the trans-
port properties lie within the scattering phase space de-
fined by fT ()[1− fT ()], where fT () is the Fermi-Dirac
distribution at temperature T . The associated energy
scale, full-width half maximum W SPS ∼ 3.5kBT , can be
compared with that of the DOS peak WDOS. In the low-
temperature limit T . TFL ∼ κ WDOS /(3.5kB) with
κ  1, Fermi liquid behavior (ρ ∼ T 2) is anticipated,
since the DOS is almost flat within the scattering phase
space. By contrast, for T & T SM ∼ β WDOS /(3.5kB)
with β ∼ 1, strange metal behavior, such as ρ ∼ T ,
∼ T 3/2, or ∼ T 2logT , is expected, once the DOS peak
is fully covered by the scattering phase space [38–43].
These two limits, together with the intermediate region
TFL < T < T SM are schematically shown in Figs. 2(f)-
2(h). Whereas the scattering phase space W SPS is set by
temperature, WDOS is controlled by dimensionality and
disorder. Utilizing ρab/ρc and ρ0 as effective gauges for
the dimensionality and disorder, respectively, we place
different systems with large DOS at the Fermi level in
a dimensionality-disorder-temperature diagram (Fig. 3).
For clean two-dimensional systems, such as Sr2RuO4 and
Sr3Ru2O7, the sharp DOS peak (small WDOS) makes it
difficult to experimentally access the temperature scales
TFL and T SM. In both systems, when the Fermi level
and VHS are tuned to match, strange metal behavior is
observed down to lowest temperatures before being cut-
off by instabilities (superconductivity and spin density
wave order) [7, 11]. In clean three-dimensional systems,
4Compound Tuning Critical value ρ0 peak γ peak A peak FL Reference
Sr2RuO4 Uniaxial strain  = 0.5% Yes Yes Yes No [11, 28, 29]
Sr3Ru2O7 Magnetic field H = 7.8 T Yes Yes Yes No [7, 30–33]
Ca1.8Sr0.2RuO4 Magnetic field H = 5.5 T Yes Yes No Yes This work, [22]
CeRu2Si2 Magnetic field H = 8.0 T Yes Yes Yes Yes [16, 34–36]
CeTiGe Magnetic field H = 12 T Yes - No Yes [37]
Table I. Fermi liquid behaviors as the DOS peak and the Fermi level are tuned to match. For each compound
the tuning parameter (uniaxial strain or magnetic field) and the associated critical values are indicated. The behavior (peak
or no peak) across the critical tuning of residual resistivity ρ0, Sommerfeld coefficient γ and electron scattering coefficient A
(see text) is indicated. Finally, the observed resistivity behaviour (Fermi liquid or non-Fermi liquid) at the critical tuning and
lowest measured temperature is given.
a larger TFL is expected, and indeed Fermi liquid be-
havior was found across Hm in CeRu2Si2 [16]. To our
knowledge, in the two-dimensional dirty limit, Fermi liq-
uid properties have not been explored/discussed in the
context of a van Hove singularity. Notably, this limit is
represented by Ca1.8Sr0.2RuO4, where TFL ∼ 2 K [Figs.
1(c) and 2(a)] and T SM ∼ 20 K [Fig. 2(b)] are iden-
tified. Angle-resolved photoemission (ARPES) suggests
that WDOS ∼ 20 meV [44] and hence, we extract reason-
able values for κ ∼ 0.03 and β ∼ 0.3. These values of κ
and β are weakly material dependent as they stem from
the ratio of the widths of the DOS and scattering phase
space. Hence this information can be applied to, for ex-
ample, the pseudogap problem [4–6] found in La-based
cuprates. Assuming β ≈ 0.3 for La1.36Nd0.4Sr0.24CuO4,
where WDOS ∼ 15 meV [45], yields TFL ∼ 15 K. How-
ever, since ρ ∼ T (C/T ∼ log(1/T )) is observed down to
1 (0.5) K [46–49], we conclude that quantum criticality
must be taken into account. Our results thus have direct
implications for the interpretation of the strange metal
properties in cuprates.
The evolution of the Kadowaki-Woods ratio
(KWR) A/γ2 across the metamagnetic transition in
Ca1.8Sr0.2RuO4 is rather unusual. In the simplest case,
the ratio A/γ2 is invariant to electron correlations [60–
63]. This implies that both A and γ2 are expected to
increase with enhanced electron interaction. In practice,
even in systems where A/γ2 is not constant, A and γ2
still correlate positively, as seen in Sr3Ru2O7 across
its metamagnetic transition and YbRh2(Si0.95Ge0.05)2
across its quantum critical point [38, 64]. This is in
stark contrast to Ca1.8Sr0.2RuO4 where A and γ
2 anti-
correlate on approaching the metamagnetic transition
on the low-field side. A factor-of-five variation [Fig.
2(e)] of the KWR is the consequence of this decoupling
of A and γ2. We stress that the bare band structure is
not expected to change significantly by the application
of magnetic field and hence is not the source [62, 63]
for the strong variation of the KWR. Worth noticing is
also that elastic scattering – probed by ρ0 – is linked
Figure 3. High DOS systems [4, 5, 11, 15, 16, 44, 50, 51]
plotted as a function of dimensionality and disorder gauged,
respectively, by ρab/ρc and ρ0 (from Refs. [11, 13, 30, 46,
47, 52–59]). For all systems the DOS are tuned to the
Fermi level by tuning parameters such as magnetic field
or uniaxial pressure, and the values of ρab/ρc and ρ0 are
taken at these critical tuning parameter whenever possi-
ble. For the cuprates the following abbreviations are used:
LSCO: La1.8Sr0.2CuO4, Nd-LSCO: La1.36Nd0.4Sr0.24CuO4,
Zn-LSCO: La1.82Sr0.18Cu0.96Zn0.04O4. The vertical thermal
axis indicates the two temperature scales TFL and T SM ex-
pected within a van Hove singularity scenario. TFL is the
Fermi liquid cutoff temperature and above T SM strange metal
behavior dominates.
to the DOS at the Fermi energy. The field evolution of
the KWR is therefore also reflected in the magnetic-field
dependencies of A and ρ0 [Figs. 2(c) and 2(d)]. A
similar decoupling of A and ρ0 has also been reported in
the multiband heavy fermion system CeTiGe [37].
While Ca1.8Sr0.2RuO4 is a multiband system, we re-
sort to Boltzmann transport theory for a single-band
situation to gain qualitative insight into the KWR (see
5Supplemental Material [21]). Within this framework, in-
elastic electron scattering is more sensitive, than elastic
scattering, to the detailed relation between the DOS pro-
file and the scattering phase space. This is most signifi-
cant in systems with a DOS peak around the Fermi level,
as is the case here. Furthermore, momentum-dependent
on-site Hubbard-U -type coupling produces a non-local
(momentum-dependent) self-energy [65–72], which pro-
vides another source for the unusual behavior of the
KWR [63]. Most likely, single-band models are too sim-
plistic in the description of the systems discussed. It is
therefore not inconceivable that the here observed varia-
tion of the KWR has its origin in the complexity brought
by multiband physics. The orbital selective Mott insu-
lating scenario for Ca1.8Sr0.2RuO4 [73, 74] is not res-
onating with experimental observations. Instead, a most
recent ARPES experiment suggests an orbital differen-
tiated self-energy [44]. Yet decoupling of quasiparticle
mass and lifetime going beyond a single band picture re-
quires more exotic scenarios such as a breakup of spin
and charge degrees of freedom [64]. Since we observe
persistence of Fermi liquid behavior across the metamag-
netic transition, however, a quasiparticle decomposition
appears unlikely.
In summary, we have addressed the electronic trans-
port properties associated with a van Hove singu-
larity in the quasi-two-dimensional dirty limit. In
Ca1.8Sr0.2RuO4, the metamagnetic transition is inter-
preted as evidence for a van Hove singularity being
tuned through the Fermi level by application of mag-
netic field. In contrast to Sr3Ru2O7, no Fermi-liquid
breakdown is found across the metamagnetic transition
in Ca1.8Sr0.2RuO4. Instead, a breakdown of the positive
correlation between quasiparticle life time and mass is
observed. Our study of the quasi-two-dimensional dirty
limit provides (in combination with existing literature)
a complete picture of the low-temperature Fermi liquid
and non-Fermi liquid properties in the context of van
Hove singularities and disorder.
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